The aim of the present research was to analyze the autonomic response in a group of trained swimmers before and after conducting a 4-week period of high-intensity interval training (HIT). Heart rate variability was analyzed in 14 swimmers (16.2 ± 2.6 years, 169.1 ± 10.2 cm and 61.3 ± 9.9 kg) in basal condition and during a HIT session before and after completing a training period. The HIT session that was evaluated consisted of: 16 × 25 m maximum speed, resting 30 s between sets. Participants combined aerobic training with tethered swimming and HIT sessions three times per week in a period of 4 weeks. Results showed a significantly decrease (p < 0.05) of the standard deviation of the NN intervals (SDNN), the standard deviation of differences between adjacent NN intervals (SDSD), the number of successive difference of intervals which differ by more than 50 ms (NN50), after the training period. Results showed a higher parasympathetic activation besides improvements in autonomic adaptation after HIT training period.
Introduction
Numerous studies refer to the current integration of Highintensity Interval Training (HIT) in swimming training programs [1] [2] [3] [4] [5] . In this training, athletes perform repeated high intensity series with short duration above the anaerobic threshold, resting between series performing low intensity exercise or inactivity that allow partial and incomplete recovery [6] . HIT was studied by different authors decades ago. Astrand et al. [7] found how an athlete could cycle for several hours in 1 min series (412 w) with 2 min of rest. However, when the athlete tried to maintain the same intensity during the maximum time, he only managed to perform for 3 min. In the same line, Christensen et al. [8] found that athletes could only perform 3-4 min at maximal oxygen uptake (VO2max) intensity, but, if efforts were performed at the same intensity in short set with short rest, training could be extended for a longer time period. Tabata et al. [3] reported a 28% increase in VO2max in a group of athletes after conducting HIT, while another group of athletes that have performed a traditional continuous endurance training did not improve this parameter. Different studies also found improvements in lactate clearance in athletes after performing HIT [9, 10] .
Other studies found that HIT improved the fatty acid oxidation enzyme activity in skeletal muscle, muscle oxidative capacity, muscle buffering capacity, muscle glycogen and glucose transporter type 4 (GLUT-4) content, and maximal glucose transport activity of skeletal muscle to a level similar to that obtained after performing low intensity endurance training [11] [12] [13] . The three-principal characteristic of HIT adapted to swimming training are: time of high intensity interval must be less than 15 s, velocity should be similar to competition velocity, and the swimmer must make a sufficient number of sets to learn the ability and create adaptations in the energy system. Another training system commonly used to improve swimming speed is tethered swim due to the increase in This article is part of the Topical Collection on Education & Training * Vicente Javier Clemente-Suárez vctxente@yahoo.es swimmers specific swimming strength [14] . Similarly as in the HIT, in the tethered training, swimmers perform efforts of high intensity and short duration combined with shorter recovery periods. The control of training workloads has been evaluated by various methods, mainly evaluation volumes and intensities [15] , cortical arousal [16] and monitoring the resting heart rate [17, 18] . Currently, the use of the heart rate variability (HRV) is also used as a method of training control and overtraining states diagnosis [18] and it is considered as an important parameter to assess the adaptive or non-adaptive response to sports training loads [19, 20] . Complementary, it was demonstrated that exercise training results in significantly increases in R-R interval (time between two R waves of the recorded cardiac electrical activity) and high frequency power of HRV [21] . Yamamoto et al. [22] suggested that the increase in HRV induced by exercise training might be caused by a decrease of sympathetic tonus and/or an increase in vagal tonus. Therefore, the autonomic response depends on the type of exercise performed.
Several authors have showed the effectiveness of these types of low volume and high intensity trainings [2, 3, 23] ; although the origin of organic adaptations that they cause is not clear enough, since it is not known how the body reacts to this type of high intensity efforts. For this reason, the aim of the present research was to analyze the autonomic response of trained swimmers after performing a 4 week training period of HIT.
Material & methods

Participants
We analysed 14 well trained swimmers (16.2 ± 2.6 years, 169.1 ± 10.2 cm, 61.3 ± 9.9 kg, 21.5 ± 1.3 Kg/m 2 , with a minimum of 3 years of swimming training experience). All of them compete in national trials. All swimmers were informed about the type of research and signed a voluntary consent form in accordance with the Declaration of Helsinki. All swimmers underwent a medical examination prior to participating in the study, to assess their health state and detect any medical conditions that might put them at risk during the study. A week before starting the study, specific swim power (SSP) was measured in a Power-rack system (concentric tool of tethered swim). The protocol test followed the next procedure. Each participant used a belt connected with weights thought a non-elastic cable, they had to swim 10 m at maximum effort, starting with the minimal load (15 kg) and increasing load each set until they were not able to complete the distance. Between sets, swimmers rested 5 min. Swimmers had to start all sets in a front-crawl position and swam without impulse of the wall. Two photocells Newtest 300 (Newtest Oy, Oulu, Finland) registered time to complete each set. SSP was calculated with the procedure suggested by Newton and Kraemer [24] , after measuring the time, distance between photocells and kg completed in each set.
During the basal sample and during HIT sessions swimmers wore a Suunto heart rate monitor with RR function to measure the HRV. HRV was analyzed through the temporal analysis of NN values obtained: a/ first in basal condition, with swimmers placed laying down during 20 min in a stretcher in a room with controlled temperature (basal); b/ in the first HIT session of the mesocycle (HIT1) and c/ in the last HIT session of the mesocycle (HIT2). We analyzed the following parameters: Average NN, the standard deviation of the NN intervals (SDNN), standard deviation of differences between adjacent NN intervals (SDSD), the number of successive difference of intervals which differ by more than 50 ms (NN50), the number of successive difference of intervals which differ by more than 50 ms expressed as a percentage of the total (PNN5O) and the root mean square successive difference of intervals (RMSSD).
The NN series were analyzed using Kubios HRV software (version 2.0, Biosignal Analysis and Medical Imaging Group, University of Kuopio, Finland) that was developed in accordance with the literature recommendations [25] . This software shows excellent validity and is able to account for non-linear trends often present in beat-to-beat recordings by detrending the filtered NN data using the smoothness priors approach [26, 27] . Data was interpolated at a rate of 4 Hz in accordance with the software's recommendations [28] . Finally, average time in the 16 sets of high intensive-interval training was measured with a chronofrequencemeter (Seiko, 5141).
Statistical analysis
Data was analyzed using the Statistical Package for the Social Sciences (SPSS) version 17 (SPSS Inc., Chicago, Ill., USA). The Shapiro-Wilk normality test was used to test the normality and homogeneity of each variable. Then a Student's t-test for paired observations was used for statistical evaluation of the data. A significance rate of p < 0.05 was adopted for all comparisons.
Results
Values of the different HRV parameters analyzed in both HIT 1 and HIT 2 were significantly lower than in basal sample ( Table 1) . Values of SDNN, SDSD, NN50, PNN50 and RMSSD were significantly higher in HIIT 2 than in HIT 1. Parameters of SDSD and RMSSD presented the higher differences between HIT 1 and HIT 2 (6.07 ± 9.62 vs. 41.57 ± 11.64 ms and 51.20 ± 52.14 vs. 264.27 ± 86.10 ms respectively). Also values of PNN50 suffered a high increase after performing the 4 weeks of HIT (6.19 ± 9.65 vs. 21.2 ± 11.85%). The average time of sets in HIT 1 was 14.3 ± 0.6 s and in HIT 2 it was 13.7 ± 0.4 s.
Discussion
The aim of the present research was to analyze the autonomic response of well trained swimmers after performing a 4 week training period of HIT. The results obtained evidenced changes on autonomic response after conducting an intense interval training period. This is novel and should be taken into account by researchers and coaches.
HRV provides us with information about the training load, the adaptation level of the organism and the state of the autonomous nervous system [29] , causing heavy training load shifted in the cardiac autonomic balance toward predominance of the sympathetic over the parasympathetic modulation [30] . After completing the HIT mesocycle, swimmers presented an increase in parasympathetic modulation since values of SDNN, SDSD, NN50, PNN50 and RMSSD were higher in HIT 2 than in HIT 1 [31] . The current data corroborated the assumption that the increase in autonomic modulation is associated with increases in athletic performance [32] . The increase in autonomic adaptation achieved by swimmers was consistent with the results obtained by Sant'Ana et al. [33] that achieved greater autonomic adaptation performing 30 min than 60 min swimming sessions after 10 weeks training period in rats. This fact confirms the efficiency of short training opposed to high volume training.
The increase in parasympathetic modulation was in consonant with the results obtained by Kiviniemi et al. [34] that compared runners after a training program based on the individual HRVanalyzed each morning (increases or no change in HF resulted in high intensity training on this day; if a significantly decrease in HF was assessment, low-intensity training or rest was prescribed) and other group that performed a traditional training based in programmed volume and intensity prescriptions. Runners who performed training based on individual HRV feedback showed greater increases in performance and conducted fewer training sessions and low intensity training, emphasizing that training based on obtaining a greater autonomic response could allow better results with lower training volumes. Also, the increase on the parasympathetic modulation was found after conducting 10 weeks of HIIT running [35] , the increase in parasympathetic modulation measured in the present research was higher than in the study of Cornelissen et al. [35] possibly due to the higher intensity of the training program that swimmers performed.
The utilization of HIT in opposition to traditional high volume training would be explained because it was demonstrated that HIT induced rapid adaptations in skeletal muscle and exercise performance that are comparable to high volume endurance training [11] ; and also the dose-response effect on autonomic modulation after exercises is better than in heavy endurance exercise [36] , since an increase in sympathetic modulation was SDNN standard deviation of all normal RR intervals, SDSD the standard deviation of differences between adjacent NN intervals, NN50 number of differences between adjacent normal R-R intervals more than 50 ms, PNN50 percentage of differences between adjacent normal R-R intervals more than 50 ms, RMSSD square root of the mean of the sum of the squared differences between adjacent normal R-R intervals, ms milliseconds * p < 0.05 vs. Basal; † vs. HIT 1 found after performing heavy endurance training [37] . The increase in HRV values analyzed during the HIT after completing the 4-week training period showed a better adaptation of the autonomic nervous system that is associated with higher performance, fact also corroborated by the decrease in the average time of series in the HIT sessions evaluated, by contrary, a decrease in these values is related with non-functionally over-reached and a decrease in immune system [38] . Other authors also found an increase in vagal modulation just in responder's athletes after performing 20 days of live-high train low training, showing the relation between a higher parasympathetic modulation of autonomous nervous system with sport performance [26] . This better autonomic response was also found in periodization models based on high intensity and low volume training [39, 40] , proposing this new training methodology as an effective training model to improve performance in endurance athletes as well as in collective sport because the efficiency showed [41] [42] [43] [44] [45] [46] [47] .
Limitation of the study
A limitation of the present study was the no control of hormones as testosterone and cortisol to a better understand of training status of swimmers.
Conclusion
After completing a training period of 4 weeks training highintensity interval training sets, swimmers presented a significantly increase in parasympathetic modulation in exercise, showing a better autonomic modulation. These results could be used by coaches to improve the training periodization of athletes to obtain higher performance and for planning recovery periods during the training season.
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